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Abstract
Background: Assessment is a necessary part of training postgraduate medical residents. The implementation of
methods located at the “shows how” level of Miller’s pyramid is believed to be more effective than previous
conventional tools. In this study, we quantitatively compared electronic and conventional methods in assessing
ophthalmology residents.
Methods: In this retrospective study, eight different conventional methods of assessment including residents’
attendance, logbook, scholarship and research skills, journal club, outpatient department participation, Multiple
Choice Question (MCQ), Objective Structured Clinical Examination (OSCE), and professionalism/360-degree (as one
complex) were used to assess 24 ophthalmology residents of all grades. Electronic media consisting of an online
Patient Management Problem (e-PMP), and modified electronic OSCE (me-OSCE) tests performed 3 weeks later
were also evaluated for each of the 24 residents. Quantitative analysis was then performed comparing the
conventional and electronic assessment tools, statistically assessing the correlation between the two approaches.
Results: Twenty-four ophthalmology residents of different grades were included in this study. In the electronic
assessment, average e-PMP scores (48.01 ± 12.40) were much lower than me-OSCE (65.34 ± 17.11). The total average
electronic score was 56.67 ± 11.28, while the total average conventional score was 80.74 ± 5.99. Female and male
residents’ average scores in the electronic and conventional method were (59.15 ± 12.32 versus 83.01 ± 4.95) and
(55.19 ± 10.77 versus 79.38 ± 6.29), respectively. The correlation between modified electronic OSCE and all
conventional methods was not statistically significant (P-value >0.05). Correlation between e-PMP and six
conventional methods, consisting of professionalism/360-degree assessment tool, logbook, research skills, Multiple
Choice Questions, Outpatient department participation, and Journal club active participation was statistically
significant (P-value < 0.05). The overall correlation between conventional and electronic methods was significant (P-
value = 0.017).
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Conclusion: In this study, we conclude that electronic PMP can be used alongside all conventional tools, and
overall, e-assessment methods could replace currently used conventional methods. Combined electronic PMP and
me-OSCE can be used as a replacement for currently used gold-standard assessment methods, including 360-
degree assessment.
Keywords: Electronic, Conventional, Assessment, Ophthalmology residents, Scholarship study
Background
In recent decades, many authors have tried to provide a
proper definition for “competency” in medical education.
Epstein et al. define competency as: “the habitual and
judicious use of communication, knowledge, technical
skills, clinical reasoning, emotions, values, and reflection
in daily practice for the benefit of the individuals and
communities being served.” [1], but this is rarely what we
measure in testing students. Various types of compe-
tency evaluation frameworks have evolved over the
years, including Accreditation Council for Graduate
Medical Education “ACGME” and Brown in the United
States, Association of Faculties of Medicine of Canada
“AFMC,” and canMEDs in Canada, Scottish doctor,
Good medical practice standard in the UK. In every one
of these frameworks, different types of competencies
exist, including knowledge, skills, professionalism, com-
munication, and empathy [2–4]. Based on the three-
circle model presented by Harden, competencies could
be categorized into three main groups consisting of the
competencies related to “performance of tasks,” compe-
tencies related to “approach of students to tasks,” and fi-
nally, “professionalism related competencies” [5]. In the
competency-based education (CBE) era, each medical
school defines specified competencies adjusted to local
needs, developing milestones, and clarifying them [6].
An important part of training in every discipline is as-
sessment. Medical students continuously require assess-
ment throughout their medical journey to identify their
defects in knowledge and skills, recognize their strengths,
and remediate in a non-threatening and productive way
[6, 7]. Due to life and death decisions, the assessment of
healthcare professionals needs to go beyond paper-based
testing. Proper assessment should evaluate judgment, atti-
tude and behavior in addition to knowledge, and skills [6].
All assessment methods are imperfect and have specific
flaws and strengths, which can be identified through valid-
ity and reliability index calculations [8, 9].
In the late twentieth century, Miller presented his
pyramid in which assessment was not only limited to
knowledge, but also skills, attitude, performance, and
professionalism. Miller’s pyramid consists of 4 sequential
levels of assessment beginning at the “know” level
followed by “knows how” and “shows how” and ended at
the “does” level [10]. In 2016 Cruess et al. made new
amendments to Miller Pyramid, which eventually re-
sulted in an “is” level at the apex [11]. Modified Miller’s
pyramid is depicted in Fig. 1.
Assessment methods located at a higher level are more
validated and have more impact than those at the lower
levels [10, 12]. The low levels of the Miller Pyramid do
not provide a reasonable estimate of clinical reasoning
[13]. Objective Structured Clinical Examination (OSCE)
and Patient Management Problem (PMP) are two assess-
ment methods at the “shows how” level used in this art-
icle. These assessment methods are based and students’
decision-making in simulated conditions with simulated
patients [14]..
Considering the importance of OSCE and PMP in the
assessment of medical trainees and confronting a lack of
studies investigating the efficacy of these two assessment
tools simultaneously, we decided to apply modified elec-
tronic OSCE and PMP assessment methods and make a
quantitative comparison with conventional tools in the
evaluation of ophthalmology residents.
Methods
We designed this retrospective study in two stages
evaluating primary conventional and then electronic as-
sessment methods. The electronic method consisted of
me-OSCE and e-PMP questions, and conventional
methods included eight different components. OSCE
was implemented in both electronic and conventional
methods to provide greater validity and reliability for
both methods. Twenty-four ophthalmology residents, 9
females and 15 males, participated at all conventional
exam stages and eventually, 3 weeks later in the elec-
tronic assessment.
In electronic OSCE, clinical examinations were per-
formed on patients (real or simulated) in different clin-
ical stations. Images and videos were presented
electronically on computers. Examples of clinical sta-
tions included refractions on manikins, keratometry, and
lensometry on real and simulated patients. Likewise, the
application of real patients and simulated patients was
performed in conventional OSCE whenever possible.
We use the term “Modified Electronic Objective Struc-
tured clinical examination” abbreviated as “me-OSCE”
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for the electronic type of OSCE. Ophthalmology para-
clinics content used in me-OSCE were topography, tom-
ography tests (Orb Scan, Pentacam, Sirius), perimetry
(Humphrey visual field), ocular sonography (A&B scan),
OCT, fluorescein angiography, (Ocular Coherence Tom-
ography), AS-OCT (Anterior Segment OCT) and other
tests provided by an expert panel of ophthalmology at-
tending physicians.
Conventional methods
Preliminary conventional assessment methods were im-
plemented 3 weeks before final electronic examinations.
Preliminary conventional assessment methods consisted
of eight different parts: residents’ attendance, logbook,
scholarship and research skills, journal club, outpatient
department participation, MCQ, OSCE, and 360 de-
grees/professionalism (as one complex);
Residents’ attendance was a fundamental tool for
assessing the active participation of residents in morning
reports, grand rounds, workshops, undergraduate train-
ing, and scientific discussion. Daily Logbooks in either
physical or electronic daily recording of the performed
procedure, observed patients, and learning experiences
were reviewed. We used the physical logbook as a for-
mative assessment tool at the “does” level of Miller’s
pyramid.
Outpatient department (OPD), observership training,
and other educational locations (hospital, emergency
ward) were used along with journal club activity as a
measurable tool for assessment. MCQ was previously
the most commonly used assessment tool in many fields
of medicine both in undergraduate and postgraduate
training, even in continuing medical education examin-
ation assessing knowledge in “knows” level of Miller’s
pyramid [15]. Furthermore, other evaluation types con-
sisted of logbooks, research skills, OSCE, and eventually,
360-degree were used. A crucial part of our 360-degree
assessment evaluated separately and specifically was
professionalism.
In logbooks, the residents’ activity in the emergency
ward, including the number of visited patients, types of
performed procedures and treatments, and types of vis-
ited patients, were considered. Resident’s operating room
activities, including types of surgeries, probable adverse
effects of surgery, and patients’ follow-up, were consid-
ered. Other parameters that were taken into consider-
ation in the logbook were stated activities in clinics and
hospital wards. Furthermore, logbooks were used to fa-
cilitate research skills’ assessments. Residents were asked
to fill research parts in logbooks, including types of pre-
sented patients in journal club and summary of
presentations.
Electronic PMP (e-PMP) and modified electronic OSCE
(me-OSCE); presentation of a new assessment method
Scenarios were modified for better adjustment to OSCE,
and simulated patients were trained for casting their role
in 11 stationary questions. Trial simulated patient role
casting for OSCE was held to identify flaws. Separate ex-
planatory workshops for ophthalmology residents and
Fig. 1 Modified Miller’s pyramid adopted from Miller GE [10] and Cruess RL [11]. Legend: Modified (od amended) Miller’s pyramid presented by
Cruess RL. et al. in 2016 after the original pyramid presented by Miller in 1990. A “to be” level is added in the apex of “amended Miller’s pyramid”
compared to the original one
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faculty members were held, and the feedback was gath-
ered from the students and faculty members separately
and analyzed to identify strengths and weaknesses. A
training workshop was held to acquaint residents with
the rules and instructions.
Developing questions
PMP questions included the main body consisting of a
real scenario, drug history, past medical history, past
ocular surgeries, biomicroscopic slit-lamp examination,
and current intraocular pressure.
In me-OSCE, each resident was provided a specific
monitor. In each monitor, there were electronic stations
of question. With each station, there were three specific
parts. Initially, the main text presenting the patient’s
condition was shown, then, specific paraclinical images
related to the patient’s condition were presented.
Finally, the video of the real patient’s condition, made
from real patient vignettes, was presented. The resident
was given a specific amount of time for each electronic
station to play the video and observe the paraclinical im-
ages. Me-OSCE was used beside PMP to increase the
electronic part of the assessment’s reliability, as a recom-
mendation of the expert panel.
Precise scoring system
Assessment committee approved scores were allocated
for each question. The scoring range on each page var-
ied from − 12 to + 15. Summation of the scores for each
page would negate whether all answers were chosen by
chance to eliminate any chance of getting a score by
chance. Considering previous PMP tests when a negative
score in each pack could extend to the next pack, the as-
sessment committee set regulations by which the final
negative score in each pack should be considered zero.
For example, if the examinee score achieved in the first
and second pack were − 5 and + 7, respectively, the total
score would be + 7, not + 2.
Here, we describe the General scoring system criteria
for all questions below; Obviously, all scoring was speci-
fied one by one for each question:
– Negative Five points for life-threatening option
– Negative Three points for ineffective, Time-wasting,
and harmful option
– Negative one point for ineffective, Time-wasting but
not harmful option
– Zero points for neither helpful nor harmful option
– Positive one point for helpful, routine modalities
option
– Positive three points for essential option
– Positive five points for absolutely essential option
Feedback
Feedback exists for each option in PMP questions; In
other words, by choosing each option, whether right or
wrong, the examinee gets an explanation. This process is
called “feedback” and eventually results in an inability to
get to the correct option. As an example, if the right op-
tion for the first part of a question was OCT was not
chosen by the examinee, he or she would not have
enough information to answer the rest of the question
thoroughly. Final question screening and scoring system
development was accomplished with an ophthalmology
assessment committee including, faculties in every sub-
specialties.
Choice selection
Questions were categorized into “limited answers” and
“unlimited answers.” In “unlimited answers” questions,
the examinee could choose one or more options concur-
rently, while in “limited answers” questions, other op-
tions would get deactivated when absolute numbers of
options were selected. In both types of questions, by the
time the next questions appear, previous questions be-
come observable but not changeable.
Other tips considered for proper assessment
implementation
A pilot trial assessment was performed before the final
assessment to diminish any possibility of errors. Partici-
pating in a trial assessment was mandatory for all resi-
dents. User, software, and hardware information access
were provided for residents to get familiar with the en-
vironment and specific circumstances. Assessors respon-
sible for question design were not allowed to use
scenarios presented in books or morning reports.
Comparability and validation
As there was no previous study to validate the parame-
ters for comparability, we set up an “expert panel” con-
sisting of faculty and professors from every five sub-
specialties. All of them were asked to check each elec-
tronic and conventional assessment component and fi-
nally to approve it. In other words, the “expert panel”
was used as a primary tool for validation. To design high
quality-questions in both electronic and conventional
parts, the approved ophthalmologic references, including
AAO publications, were used. Eventually, all scores were
presented on a scale of 100 to enable comparability.
As the exam was the same for all grade residents, the
“Expert panel” decided to put a unique difficulty-level
coefficient for each type of assessment. For example, the
expert panel decided to put a difficulty level coefficient
of 1.5 for a total score of first-year residents while the
coefficient was 1 for the fourth-year residents. The
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coefficient varied from one assessment tool to another
based on the expert panel’s decision.
Statistical analysis
Statistical Analyses were performed by IBM SPSS soft-
ware version 24. A P-value of less than 0.05 was consid-
ered statistically significant. Categorical data are
presented as percent, and Continuous demographic vari-
ables are presented as Mean ± Standard deviation or
Median (Interquartile range). The t-test was used for the
comparison among quantitative data, and in case of ab-
normal distributions Mann-Whitney U test was used.
The correlation between quantitative data was checked
through the Pearson correlation test and Spearman rank
correlation.
Results
All scores for all parts of conventional and electronic as-
sessments were converted to a scale of 100. All scores
followed a normal distribution pattern. The total elec-
tronic average score is the average of all scores achieved
in e-PMP and me-OSCE. The total average conventional
score was calculated through average scores achieved in
eight different parts consisting of residents’ attendance,
logbook, scholarship and research skills, journal club
participation, outpatient department participation,
MCQ, OSCE, and finally professionalism/360 degrees’
assessment; professionalism assessment and 360-degree
are an inseparable part of each other; hence the total
mark in this part was defined as professionalism/360-de-
gree assessment.
With a total number of 24 residents, 33.3% of partici-
pants were first-year residents, 16.7% the second year,
25% third-year, and 25% fourth-year residents. The aver-
age score in the electronic part of our assessment,
through e-PMP (48.01 ± 12.40), was much lower as com-
pared to the me-OSCE (65.34 ± 17.11). The highest aver-
age score was allocated to residents’ attendance (99.79 ±
1.02), while the lowest average score was in OSCE
(52.79 ± 12.04). Other assessment tools lie in between;
professionalism/360 degree (91.70 ± 4.14), logbook
(91.66 ± 10.07), journal club participation (91.1 ± 12.47),
OPD participation (90.00 ± 11.32), research skills
(79.16 ± 13.80) and finally MCQ (with an average score
of 60.10 ± 13.57).
The total average electronic score was 56.67 ± 11.28,
while the total average conventional score was 80.74 ±
5.99. Female residents’ average score was higher in each
part of the conventional and electronic assessment and,
total score. Female residents’ average score was 59.15 ±
12.32 in electronic and 83.01 ± 4.95 in conventional
methods, while male residents’ achieved 79.38 ± 6.29
scores in electronic and 55.19 ± 10.77 scores in
conventional methods. The average score achieved
through each assessment tool is demonstrated in Fig. 2.
The total average score in electronic and conventional
tools, respectively, was 50.91 ± 8.94 and 76.15 ± 2.83 in
the first grades, 58.12 ± 5.34 and 83.14 ± 1.86 in second
grades, 67.08 ± 6.81 and 81.00 ± 7.87 in third grades, and
53.00 ± 14.46 and 85.00 ± 5.44 in last-grade residents.
There was a significant correlation between electronic
PMP and all parts of conventional methods except at-
tendance. (P-values are demonstrated in Table 1.) In
other words, PMP could be taken into account as a sup-
plementary method besides all conventional assessment
tools except one related to the attendance of residents
(P-value = 0.253, Pearson = − 0.243).
Results of correlations between assessment methods,
using Pearson-coefficient, are demonstrated in Table 1.
Due to extensive, repetitive, and precise evaluation ap-
plied in professionalism/360-degree’s assessment, we de-
fined it as a gold standard tool to be compared. A
significant correlation is shown in Table 1. A scatter-
plot indicating the nature of data and its distribution is
demonstrated in Figure 3. To exclude the effect of out-
liers, we have provided Fig. 4 demonstrating a scatter
plot while removing the outliers.
Considering the fact that the top three candidates in
most of the assessment methods were believed to be
outliers, we performed another analysis to check on the
correlations, while removing the outliers. In almost all of
the correlations, there were no differences compared to
the previous analysis with outliers. Besides, we have pro-
vided data distribution and its nature as Fig. 4. while re-
moving the outliers.
Discussion
Learner’s assessment consists of knowledge, skills, atti-
tude, and decision-making authority [6]. To be gradu-
ated as a qualified ophthalmologist at the end of a
residency-training course, like many other specialties,
the acquisition of different types of competency is re-
quired. A key element to encourage competency ac-
quirement by students and residents is to launch an
“assessment for learning” instead of an “assessment of
learning” strategy [7].
The higher level of assessment in Miller’s pyramid
model results in the higher achievement of the “assess-
ment for learning” strategy due to the enthusiastic par-
ticipation of students in their assessment. Moreover,
Assessment tools at higher levels of Miller’s pyramid, in-
cluding OSCE and PMP, are much more integrated into
the curriculum [7].
OSCE is well-known to be able to answer the needs of
assessors for appropriate evaluation of trainees in almost
every field of medicine and even other disciplines, in-
cluding pharmacy, pharmacology, and psychology [16–
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19]. In the field of ophthalmology, unlike many other
specialties, simulation for OSCE is not feasible in many
cases. For example, patients cannot feign keratitis or dia-
betic retinopathy; although the application of three-
dimensional and virtual reality models is expanding in
some countries. PMP was considered an applicable ap-
proach for clinical skills evaluation improvement in clin-
ical reasoning [20]. A study in Brazil indicated that
structures like PMP and OSCE could lead to cognitive
and psychomotor skills improvement [21].
We applied MCQ as an essential tool considering resi-
dents’ knowledge. Objective Structured Clinical Examin-
ation (OSCE) assesses trainees at the “shows how” level
of Miller’s Pyramid [22]. Studies evaluating the effect of
OSCE in ophthalmology are scarce but seem useful in
assessing the required skills and abilities in ophthalmol-
ogy [23]. Logbook seems to be a useful option for
accomplishing specified items in a limited duration [24].
Scholarship skills were previously considered a measur-
able competency in many popular competency frame-
works, including the CARE model [25]. We considered
scholarship skills as an inseparable part of the ophthal-
mology residency and included them in our evaluation.
360-degree feedback is an appropriate tool for asses-
sing communication and interpersonal skills, consisting
of feedback to residents, including faculties, residents,
patients, and other staff involved in the hospital [26, 27].
Many studies introduced 360-degree as a valid and reli-
able tool for clinical skills evaluation [28–30]. Likewise,
we applied 360-degree based on comments provided by
faculties, nurses, operations ward staff, residents, and
medical students in the hospital. At the innermost part
of Harden’s three-circle model [5], professionalism is
meant to motivate trainees for the acquisition of know-
ledge through independent work [31]. Professionalism,
especially in residency, claimed to be the final answer to
the needs of society [32].
Confronting the lack of appropriate assessment
methods, we implemented e-PMP and me-OSCE along-
side previous conventional tools. Finally, we made a
quantitative analysis to compare electronic methods with
conventional tools. For the implementation of scholarly
Fig. 2 Mean scores achieved through Assessment tools by residents; *Professionalism/ 360-degree. Legend: Mean achieved scores by all residents
is seven conventional, two electronic, and total electronic and conventional assessment methods. As demonstrated, female residents’ scores
higher in every one of the assessment tools
Table 1 Correlation between all assessment methods and electronic assessment tools and gold-standard assessment
me-OSCE e-PMP attendance Prof/ 360a Logbook Journal
Club
participation





























































ashortened of professionalism/ 360-degree assessment method. bshortened of Outpatient active participation method. Underlined numbers are significant
(P-value < 0.05)
Correlation between all assessment methods and electronic assessment tools; due to Due to extensive, repetitive, and precise evaluation applied in
professionalism/360-degree’s assessment, it was considered as “gold standard”; Eventually, for comparison of results with the gold standard assessment tool, a
correlation was calculated between gold standard assessment tool and all other methods. Underlined numbers present statistically significant correlations
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projects, many criteria have been developed [33]. After a
literature review and sessions of discussion, we decided
to implement the six standard criteria of Glassick [34].
Proper contextual and environmental preparation is
needed for the appropriate implementation of me-OSCE
and e-PMP. According to the second Glassick’s criteria, the
literature review was performed to anticipate upcoming
flaws. Adequate resources were provided, and related work-
shops were held to acquaint faculty members and residents
with instructions and regulations. Training programs for fac-
ulty, simulated patients, and residents were conducted.
For appropriate method development based on third
Glassick’s criteria, the existence of specific feedback for
each question in e-PMP was the turning point of our
study among all developed methods previously ex-
plained. A controversy evolved whether to provide
enough information for examinees who did not correctly
answer the previous part of the question. For the first
time in ophthalmology residents, we developed me-
OSCE and e-PMP alongside conventional methods.
Along with the implementation of effective presenta-
tion as fifth Glassick’s criteria, after performing the
examination, a report was presented, and the results
were announced. Even criticism from faculties of other
medical schools was put into account. All suggestions
were considered and finally approved if the majority
agreed, and the foundation existed.
Following the implementation of me-OSCE and e-
PMP, two fourth-year residents achieved top ten ranks
in the national board examination; They admitted the
electronic assessment method played a crucial role in
their achievement (sixth Glassick’s criteria).
In this study, a significant correlation exists between the
grade of residents between conventional and electronic as-
sessment. (Pearson = 0.535, P-value = 0.007). Correlation
between grades of residents and electronic assessment tool
was not significant (Pearson = 0.205, P-value = 0.338).
Adaptation of senior residents to conventional assessment,
vast and integrated knowledge, and possessing more clin-
ical skills are crucial factors to get higher scores in con-
ventional tools compared to the junior residents. The
third-year residents’ electronic scores were higher than
second-year, and the second-year residents’ e-scores were
higher than the first years’, but scores achieved by last-
year residents in electronic exams were less than scores
even achieved by second-year residents.
Higher average scores achieved by female residents’ in
each grade both in conventional and electronic assess-
ment methods and even in each assessment method is a
notable outcome of this study. Further studies are
Fig. 3 Scatter-plot indicating the nature of data and its distribution. Legend: scatter-plot indicating the nature of data and its distribution and the
outliers is demonstrated. a The X-axis is the total conventional score and the Y-axis is the total electronic score. b The X-axis is the me-OSCE
score and the Y-axis is the standard-OSCE score. c The X-axis is the me-OSCE score and the Y-axis is the e-PMP score. d The X-axis is the
standard-OSCE score and the Y-axis is the e-PMP score
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needed to evaluate intervening factors in the learning
abilities of each gender.
Correlation between e-PMP and Logbook is surprisingly
negative (Pearson = − 0.519) and significant (P-value =
0.009). Investigating the underlying reason, we found out
most residents and even faculties assessing Logbooks did
not understand its value and neglected them. Finally, we
decided to hold related workshops to re-introduce facul-
ties and residents with Log-book and its precious values.
None of the correlations that exist between me-OSCE and
the conventional assessment method was significant. As the
Pearson correlation index between total electronic score and
the total conventional score was 0.481 and still significant (P-
value = 0.017), hence, the electronic part can be used as a re-
placement for the conventional part; even if each part of
electronic, me-OSCE as an example, does not have a signifi-
cant correlation with conventional counterparts.
In this study, due to the multi-target assessment in-
herent of professionalism/360-degree, it was consid-
ered as the gold standard method. Communication
and interpersonal skills, among the other dimensions,
were evaluated in a considerable period of time in
this method from various resources, including facul-
ties, residents, patients, and other staff involved in the
hospital.
A combination of a complementary tool (e-PMP) and a
substitutional method (me-OSCE), as a total electronic as-
sessment, seems to be an appropriate replacement for a
gold-standard professionalism/360-degree assessment
tool. Despite providing different figures and statistical ana-
lyses, our sample size was not large enough to generalize
the results in many ways. Further studies are needed to
evaluate the same methods in larger populations.
Conclusion
Combined electronic PMP and me-OSCE are considered
an appropriate replacement for currently used gold-
standard assessment methods, including 360-degree
assessment.
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